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+RPRORJ\0RGHOLQJDQG0ROHFXODU'RFNLQJIRUWKH6FLHQFH&XUULFXOXP
2ZHQ00F'RXJDO1LF&RUQLDÁ696DPEDVLYDUDR $QGUHZ5HPP&KULV0DOORU\-XOLD
7KRP2[IRUG&0DUN0DXSLQ  7LP$QGHUVHQÁ

Á

&KHPLVWU\DQG%LRFKHPLVWU\%RLVH6WDWH8QLYHUVLW\%RLVH,'

&RPSXWHU6FLHQFHDQG(QJLQHHULQJ%RLVH6WDWH8QLYHUVLW\%RLVH,'

&KHPLFDODQG%LRORJLFDO(QJLQHHULQJ&RORUDGR6FKRRORI0LQHV*ROGHQ&2


%LRORJLFDO6FLHQFHV%RLVH6WDWH8QLYHUVLW\%RLVH,'

&RUUHVSRQGLQJDXWKRUV&0DUN0DXSLQ FPPDXSLQ#PLQHVHGX  7LP$QGHUVHQ
WLP#FVERLVHVWDWHHGX 

$EVWUDFW
'RFNR0DWLFLVDSRZHUIXORSHQVRXUFHVRIWZDUHSURJUDP GRZQORDGDEOHIURP
VRXUFHIRUJHQHW WKDWVLPSOLILHVWKHH[SORUDWLRQRIFRPSXWDWLRQDOELRFKHPLVWU\7KLVPDQXVFULSW
GHVFULEHVDSUDFWLFDOWXWRULDOIRUXVHLQWKHXQGHUJUDGXDWHFXUULFXOXPWKDWLQWURGXFHVVWXGHQWVWR
PDFURPROHFXODUVWUXFWXUHFUHDWLRQOLJDQGELQGLQJFDOFXODWLRQVDQGYLVXDOL]DWLRQRIGRFNLQJ
UHVXOWV$VWXGHQWSURFHGXUHLVSURYLGHGWKDWLOOXVWUDWHVXVHRI'RFNR0DWLFWRFUHDWHDKRPRORJ\
PRGHOIRUWKHDPLQRSURSHSWLGHUHJLRQ DPLQRDFLGVZLWKWZRGLVXOILGHERQGV RIFROODJHQ
Į ;, IROORZHGE\PROHFXODUGRFNLQJRIWKHFRPPHUFLDOGUXJ$UL[WUD£WRWKHKRPRORJ\
PRGHORIWKHDPLQRSURSHSWLGHGRPDLQRIFROODJHQĮ ;, DQGILQDOO\DQDO\VLVRIWKHUHVXOWVRI
WKHGRFNLQJH[SHULPHQW7KHDFWLYLWLHVDQGVXSSOHPHQWDOPDWHULDOVGHVFULEHGDUHLQWHQGHGWR
HGXFDWHVWXGHQWVLQWKHXVHRIFRPSXWDWLRQDOWRROVWRFUHDWHDQGLQYHVWLJDWHKRPRORJ\PRGHOVIRU
RWKHUV\VWHPVRILQWHUHVWDQGWRWUDLQVWXGHQWVWREHSURILFLHQWZLWKPROHFXODUGRFNLQJDQG
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DQDO\]LQJUHVXOWV7KHWXWRULDODOVRVHUYHVDVDIRXQGDWLRQIRULQYHVWLJDWRUVVHHNLQJWRH[SORUHWKH
YLDELOLW\RIXVLQJFRPSXWDWLRQDOELRFKHPLVWU\WRVWXG\WKHLUUHFHSWRUOLJDQGELQGLQJPRWLIV
.H\ZRUGV+RPRORJ\PRGHOLQJPROHFXODUGRFNLQJFRPSXWDWLRQDOELRFKHPLVWU\'RFNR0DWLF

,QWURGXFWLRQ

$GYDQFHVLQKDUGZDUHFRXSOHGZLWKHYHUPRUHDIIRUGDEOHFRPSXWHUV\VWHPVKDYHDOORZHG
FRPSXWDWLRQDOH[SHULPHQWDWLRQWKDWRQFHZHUHOLPLWHGWRUHVHDUFKODERUDWRULHVWRHQWHULQWR
FODVVURRPVHWWLQJV$FRPSOHPHQWWRWKHZLGHVSUHDGDGRSWLRQRIPROHFXODUPRGHOLQJDQG
FRPSXWDWLRQDOELRFKHPLVWU\ODERUDWRU\H[HUFLVHVKDVEHHQWKHGHYHORSPHQWRIFRPSXWHUVRIWZDUH
DSSOLFDWLRQVWRIDFLOLWDWHKRPRORJ\PRGHOFUHDWLRQDQGPROHFXODUGRFNLQJDFWLYLWLHV>@7KHVH
W\SHVRIDSSOLFDWLRQVWKDWRQFHUHTXLUHGOLFHQVHDJUHHPHQWVRQWKHRUGHURIWHQVRIWKRXVDQGVRI
GROODUVSHU\HDUWRDFFHVVZHOOGRFXPHQWHGVRIWZDUHDUHQRZHPHUJLQJWKURXJKRSHQVRXUFH
VLWHVHJVRXUFHIRUJHQHW>@'DWDEDVHVRIWHPSODWHVWUXFWXUHVPD\EHDFFHVVHGWKURXJKZHE
SRUWDOVOLNH1DWLRQDO&HQWHUIRU%LRWHFKQRORJ\,QIRUPDWLRQ 1&%, XVLQJWKHHIILFLHQWVHDUFK
SURJUDP%/$67DQGIDVWFRPSXWHUSURFHVVLQJDQGFOXVWHUFRPSXWLQJQRZDOORZWKHFUHDWLRQRI
KRPRORJ\PRGHOVIRUELRPDFURPROHFXOHVIURPDWHPSODWHVWUXFWXUHLQPLQXWHVUDWKHUWKDQ
KRXUVGD\VRUZHHNV>@
7KHFXUUHQWZRUNHPHUJHGIURPDZHHNORQJFRPSXWDWLRQDOFKHPLVWU\VKRUWFRXUVH
GHYHORSHGE\DQLQWHUGLVFLSOLQDU\WHDPRIVFLHQFHHGXFDWRUVZLWKEDFNJURXQGVLQFKHPLVWU\
ELRORJ\FRPSXWHUVFLHQFHDQGHQJLQHHULQJ6WXGHQWVWKDWSDUWLFLSDWHGLQWKHFRXUVHZHUH
LQWURGXFHGWRVRIWZDUHDSSOLFDWLRQVWKHRU\DQGPROHFXODUGRFNLQJDSSOLFDWLRQV7KHFRXUVH
DVVHVVPHQWZDVXVHGWRUHILQHWKHFRQWHQWDQGFRPSXWDWLRQDOWRROVSUHVHQWHGWRVWXGHQWVLQRUGHU

Ϯ
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WRRSWLPL]HWKHPDWHULDODQGDFWLYLWLHVWKDWZHUHGHHPHGPRVWVLJQLILFDQWWRIRVWHUVWXGHQW
XQGHUVWDQGLQJ7KHPDLQSURJUDPVUHTXLUHGIRUKRPRORJ\PRGHOLQJDQGPROHFXODUGRFNLQJDUH
LQWHJUDWHGLQWR'RFNR0DWLFWRFUHDWHDXVHUIULHQGO\FRPSXWDWLRQDOWRRODFFHVVLEOHDFURVV
VFLHQWLILFGLVFLSOLQHV
$SUDFWLFDOVRIWZDUHWXWRULDOLVSURYLGHGIRUXVHZLWKLQWKHWLPHFRQVWUDLQWVRIDWUDGLWLRQDO
ODERUDWRU\FRXUVHIRULQWURGXFWRU\ELRFKHPLVWU\FHOODQGRUGHYHORSPHQWDOELRORJ\RU
SKDUPDFRORJ\FRXUVHV7KHREMHFWLYHLVIRUVWXGHQWVWROHDUQKRZ'RFNR0DWLFFDQEHXVHGDVD
FRPSXWDWLRQDOWRROWREHWWHUXQGHUVWDQGFRPSOH[ELRFKHPLFDOSURFHVVHVE\FUHDWLQJKRPRORJ\
PRGHOVDQGVHWWLQJXSFRQGXFWLQJDQGDQDO\]LQJGRFNLQJFDOFXODWLRQV7KHFRPSXWDWLRQDO
H[HUFLVHVLQWURGXFHGLQWKLVWXWRULDODOORZVWXGHQWVWRYLVXDOL]HFRPSOH[PDFURPROHFXODU
SURFHVVHVXVLQJVRIWZDUHWKDWLVDFFHVVLEOHDQGDIIRUGDEOH7KHIRFXVRIWKHWXWRULDOLVFROODJHQĮ
;,  &ROĮ ;, &ROĮ ;, LVDILEURXVSURWHLQVLJQLILFDQWLQWKURPERVLVWKDWFRQWDLQVDQ
DPLQRSURSHSWLGHGRPDLQ 133 FRQVLVWLQJRIDPLQRDFLGVDQGWZRGLVXOILGHERQGV8VLQJ
WKH&ROĮ ;, 133GRPDLQDVWKHWHVWFDVHWKHWXWRULDOOHDGVVWXGHQWVWKURXJKWZRSURFHVVHV
 KRPRORJ\PRGHOFUHDWLRQRIWKHWKUHHGLPHQVLRQDOVWUXFWXUHIRU&ROĮ ;, 133>@XVLQJ
WKHRSHQVRXUFH'RFNR0DWLFVRIWZDUH>@DQG  PROHFXODUGRFNLQJFDOFXODWLRQVIRUWKH
OLJDQG$UL[WUD£DQDQWLFRDJXODQWPHGLFDWLRQELQGLQJWRWKH133GRPDLQRI&ROĮ ;, >@

+RPRORJ\0RGHOLQJ

,QWKHILUVWDFWLYLW\VWXGHQWVDFFHVVWKH7LPHO\,QWHJUDWHG0RGHOHU 7,0 XWLOLW\WKURXJKWKH
'RFNR0DWLFJUDSKLFDOXVHULQWHUIDFH *8, WRFUHDWHWKH&ROĮ ;, 133KRPRORJ\PRGHO>@
'RFNR0DWLFGUDZVXSRQVXEVHUYLHQWVRIWZDUHSURJUDPVWRIDFLOLWDWHXVHUDELOLW\WRORDGWKH

ϯ

This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at
Biochemistry and Molecular Biology Education, published by Wiley-Blackwell. Copyright restrictions may apply. DOI: 10.1002/bmb.20767

WHPSODWHSURWHLQVHTXHQFHSHUIRUPD%/$67VHDUFKLGHQWLI\DWHPSODWHSURWHLQDOLJQDPLQR
DFLGVJHQHUDWHDSURWHLQVWUXFWXUHDQGHYDOXDWHWKHUHVXOWDQWKRPRORJ\PRGHOIRUDFFXUDF\
FRPSDUHGWRWKHWHPSODWHVWUXFWXUH7KLVKRPRORJ\PRGHOFUHDWLRQDQGYDOLGDWLRQH[HUFLVHLQ
FRPELQDWLRQZLWKWKHPROHFXODUGRFNLQJSRUWLRQRIWKHWXWRULDOPD\DOOEHDFFRPSOLVKHGZLWKLQD
WZRKRXUODERUDWRU\SHULRGZLWKDJURXSRIVWXGHQWVWKDWKDYHQHYHUXVHGWKHVRIWZDUH
'RFNR0DWLFGUDZVXSRQ%/$6702'(//(5DQG3\0ROWRLGHQWLI\DVXLWDEOHWHPSODWH
VWUXFWXUHFUHDWHDKRPRORJ\PRGHODQGYDOLGDWHWKHPRGHOVWUXFWXUH>@$VHWRILQVWUXFWRU
QRWHVLVSURYLGHG VHHVXSSOHPHQWDOPDWHULDOV WROHDGLQVWUXFWRUVWKURXJKWKHSURSHULQVWDOODWLRQ
RIWKH'RFNR0DWLFVRIWZDUHDQGHQVXUHVXEVHUYLHQWVRIWZDUHSURJUDPVDUHDFFHVVLEOH7KH
KRPRORJ\PRGHOODERUDWRU\H[HUFLVHSURYLGHVDQRYHUYLHZRIWKHIROORZLQJWRSLFV  SXEOLFDOO\
DYDLODEOHSURWHLQVWUXFWXUHV  IORZFKDUWIRUKRPRORJ\PRGHOFUHDWLRQ  VWHSE\VWHS
LQVWUXFWLRQVWRFUHDWHDKRPRORJ\PRGHOIRU&ROĮ ;, 133XVLQJ'RFNR0DWLFDQG  D
SURFHGXUHWRYDOLGDWHWKHUHVXOWDQWVWUXFWXUHE\5DPDFKDQGUDQSORWDQDO\VLVVHTXHQFHDOLJQPHQW
DQGURRWPHDQVTXDUHGHYLDWLRQIURPWHPSODWHVWUXFWXUH VHHVXSSOHPHQWDOPDWHULDOV )LJXUHD
IORZFKDUWLQFOXGHGLQWKHVWXGHQWSURFHGXUHRXWOLQHVWKHVWHSVLQWKHKRPRORJ\PRGHOFUHDWLRQ
SURFHVV
),*85(
7KHOHDUQLQJREMHFWLYHIRUWKHKRPRORJ\PRGHOLQJDFWLYLW\LVIRUWKHVWXGHQWWROHDUQKRZ
WRVHDUFKIRUDQGLGHQWLI\DQDSSURSULDWHWHPSODWHSURWHLQXVLQJDNQRZOHGJHRIVLPLODUELRORJLFDO
DFWLYLW\IRUWKHSURWHLQDQGVHTXHQFHFRPSDULVRQ7KHKRPRORJ\PRGHOVFUHDWHGZLOOWKHQEH
HYDOXDWHGIRUDFFXUDF\EDVHGRQVHTXHQFHDQGVWUXFWXUHFRPSDULVRQV7KH\ZLOODFKLHYHWKLV
REMHFWLYHE\XVLQJ'RFNR0DWLFWRSHUIRUPD%/$67VHDUFKRQDWDUJHWSURWHLQVHOHFWLQJDQ
DSSURSULDWHWHPSODWHSURWHLQVWUXFWXUHEDVHGRQHVWDEOLVKHGFULWHULD (YDOXHTXHU\FRYHUDJH
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DQGVHTXHQFHDOLJQPHQW JHQHUDWLQJD'KRPRORJ\PRGHODQGUHILQLQJDQGRSWLPL]LQJWKH
UHVXOWDQWSURWHLQVWUXFWXUH

0ROHFXODU'RFNLQJ

7KHVHFRQGDFWLYLW\WDNHVVWXGHQWVWKURXJKWKHSURFHVVRIXVLQJWKHLUUHFHQWO\FUHDWHGKRPRORJ\
PRGHOWRSHUIRUPPROHFXODUGRFNLQJFDOFXODWLRQV$QRYHUYLHZRIWKHSURWRFROIRUPROHFXODU
GRFNLQJVHJXHVLQWRWKH'RFNR0DWLF*8,'RFNR0DWLFXVHVHLWKHU$XWR'RFNRU
$XWR'RFN9LQDWRSHUIRUPPROHFXODUGRFNLQJFDOFXODWLRQVWKHXVHUPD\VHOHFWWKHGRFNLQJ
HQJLQHEDVHGRQSUHIHUHQFH>@$XWR'RFNLVWKHGHIDXOWGRFNLQJHQJLQHIRU
'RFNR0DWLF$OLJDQGVWUXFWXUHILOHIRUWKHDQWLFRDJXODQWGUXJ$UL[WUD£KDVEHHQSURYLGHG
DORQJZLWKDJULGSDUDPHWHUILOH JSI FUHDWHGLQ$XWR'RFN7RROV $'7 IRUWKHPROHFXODU
GRFNLQJH[SHULPHQWVWXGHQWVDUHWRSHUIRUP6WXGHQWVDUHOHGWKURXJKWKHIROORZLQJSURFHVVHV
 DFFHVVLQJWKHUHTXLUHGOLJDQG $UL[WUD£ WDUJHW &ROĮ ;, 133 DQGJULGSDUDPHWHUILOHV
JSI IRUWKHPROHFXODUGRFNLQJH[SHULPHQW  SXWWLQJWKHILOHVLQWKHFRUUHFWHQWU\ILHOGLQWKH
'RFNR0DWLF*8,  DGMXVWLQJWKHSDUDPHWHUVRIWKHH[SHULPHQWWRDOORZVXIILFLHQWWULDOVLQWKH
WLPHDYDLODEOH  IROORZLQJWKHSURJUHVVRIWKHFDOFXODWLRQVDQG  DFFHVVLQJWKHUHVXOWVRIWKH
GRFNLQJWULDOV7KHQXPEHURIWULDOVLVVHWWRWHQWRDOORZWKHH[SHULPHQWWRFRPSOHWHLQXQGHUD
PLQXWHWKXVSURYLGLQJWLPHWRDQDO\]HWKHUHVXOWV$QRYHUYLHZLVSURYLGHGWRVWXGHQWVVRWKH\
XQGHUVWDQGKRZWRHYDOXDWHWKHUHVXOWDQWORJILOHVDQGLQWHUSUHWWKHVWDWLVWLFVDVVRFLDWHGZLWK
GRFNLQJVWXGLHV$WWHQWLRQLVJLYHQWRVKRZDQGH[SODLQWKH³&OXVWHU+LVWRJUDP´SURGXFHGDV
RXWSXWIURPWKHGRFNLQJVWXGLHV,GHQWLI\LQJWKHPRVWHQHUJHWLFDOO\IDYRUDEOHOLJDQGELQGLQJ
SRVHIURPWKHORJILOHVOHDGVWRYLVXDOL]DWLRQRIWKHUHVXOW VHH)LJXUH 'RFNR0DWLFGUDZV

ϱ

This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at
Biochemistry and Molecular Biology Education, published by Wiley-Blackwell. Copyright restrictions may apply. DOI: 10.1002/bmb.20767

XSRQ3\0ROIRUVWUXFWXUHDQDO\VLVDQGVWXGHQWVDUHOHGWKURXJKWKHSURFHVVRIXVLQJ3\0RO>@
WRILUVWYLVXDOL]H$UL[WUD£WKHQ&ROĮ ;, 133DQGILQDOO\WKHOLJDQGERXQGSURWHLQFRPSOH[
),*85(
7KHOHDUQLQJREMHFWLYHIRUWKHPROHFXODUGRFNLQJDFWLYLW\LVIRUVWXGHQWVWROHDUQKRZWR
DFFHVVOLJDQGDQGUHFHSWRUVWUXFWXUHILOHVJHQHUDWHDJULGSDUDPHWHUILOHWKDWGHILQHVWKHOLJDQG
ELQGLQJGRPDLQRQWKHUHFHSWRUUXQGRFNLQJMREVUHYLHZUHVXOWVDQGYLVXDOL]HWKHORZHVWHQHUJ\
ELQGLQJSRVHVIRUDOLJDQGUHFHSWRUFRPSOH[XVLQJ3\0RO6WXGHQWVDUHSURYLGHGDYLVXDO
GHSLFWLRQRIOLJDQGELQGLQJDQGWKH\OHDUQWRXVHWKHFRPSXWDWLRQDOWRROVUHTXLUHGWRDVVHVVWKH
LQWHUPROHFXODUDWWUDFWLRQOHDGLQJWRPRUHIDYRUDEOHOLJDQGELQGLQJFRQIRUPDWLRQV

(YDOXDWLRQ

7RHYDOXDWHWKHGHJUHHWRZKLFKWKHH[SHULPHQWFDQEHFRQGXFWHGZLWKLQDWZRKRXUODERUDWRU\
VHVVLRQWKHPDWHULDOVZHUHSLORWHGDWWKHUGDQQXDOPHHWLQJRIWKH$PHULFDQ$VVRFLDWLRQIRUWKH
$GYDQFHPHQWRI6FLHQFH3DFLILF'LYLVLRQ%RLVH,'7KHUHZHUHHLJKWSDUWLFLSDQWVILYH
XQGHUJUDGXDWHWZRSRVWGRFWRUDOUHVHDUFKHUVDQGRQHIDFXOW\PHPEHU7KUHHRIWKHSDUWLFLSDQWV
KDGDEDFNJURXQGLQFRPSXWHUVFLHQFHWKUHHLQFKHPLVWU\DQGWZRLQELRORJLFDOVFLHQFHV$IWHU
WKHWXWRULDOSDUWLFLSDQWVZHUHDVNHGDERXWWKHLUH[SHULHQFH VHH7DEOH 7KHVWUHQJWKVRIWKH
WXWRULDOJLYHQE\WKHSDUWLFLSDQWVZHUHWKHGHWDLOHGEDFNJURXQGPDWHULDOPRGHUDWHSDFHRI
VWXGHQWDFWLYLWLHVFODULW\RILQVWUXFWLRQDQGWKHGHJUHHRIFRQILGHQFHWKDWWKH\FRXOGXWLOL]HWKH
'RFNR0DWLFVRIWZDUHWRFUHDWHDUHFHSWRUKRPRORJ\PRGHODQGSHUIRUPPROHFXODUGRFNLQJ
FDOFXODWLRQV:HDNQHVVHVRIWKHWXWRULDOZHUHOLVWHGDVWKHGHVLUHWRVHHPRUHFRYHUDJHRIWKH
FUHDWLRQRIJULGSDUDPHWHUILOHVXVDJHRI3\0ROWRPDQLSXODWHDQGYLVXDOL]HWKHOLJDQGWR

ϲ
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UHFHSWRULQWHUDFWLRQVDQGDVVLJQPHQWRIDQLQGHSHQGHQWSURMHFWIRUSDUWLFLSDQWVWRSXUVXHDVD
WHVWRIWKHLUFDSDELOLWLHVWRXVHWKHVRIWZDUHHIIHFWLYHO\
7$%/(

'LVFXVVLRQ

7KLVZRUNZDVPRWLYDWHGE\VRIWZDUHDGYDQFHPHQWVWKDWKDYHDOORZHGKRPRORJ\PRGHOLQJDQG
PROHFXODUGRFNLQJH[SHULPHQWDWLRQWREHFDUULHGRXWZLWKLQWKHWLPHIUDPHRIDVWDQGDUG
XQGHUJUDGXDWHVFLHQFHODERUDWRU\FRXUVH7KLVVRIWZDUHWXWRULDOSURYLGHVUHVRXUFHVIRUDQ
LQVWUXFWRUWRGHPRQVWUDWHWKHXVHRI'RFNR0DWLFDQGWRDFKLHYHDIRXQGDWLRQDOGHJUHHRI
FRQILGHQFHIRUFRPSXWDWLRQDOLQYHVWLJDWLRQVE\VWXGHQWV7KHVWXGHQWODESURFHGXUHLQFOXGHVDQ
H[SDQGHGEDFNJURXQGRIFRPSXWDWLRQDOVWUXFWXUHELRORJ\GHVFULELQJQRWRQO\'RFNR0DWLFEXWD
EURDGHUYLHZRIWKHXWLOLW\RI%/$6702'(//(5DQG3\0RO3DUWLFLSDQWIHHGEDFNIURPWKH
FRQIHUHQFHZRUNVKRSZDVXVHGWRVWUHQJWKHQWKHSUHVHQWDWLRQRIFRQWHQWDQGJXLGHGHYHORSPHQW
RIWKHVWXGHQWWXWRULDO%DVHGRQWKHUHYLHZRIVWXGHQWSHUFHLYHGZHDNQHVVHVDµJULGSDUDPHWHU
ILOHFUHDWLRQVHJPHQW¶ZDVDGGHGWRWKHVWXGHQWSURFHGXUH6WXGHQWIHHGEDFNUHTXHVWLQJPRUH
H[SRVXUHWR3\0RODQGDVVLJQPHQWRILQGHSHQGHQWSURMHFWVZDVGHHPHGRXWVLGHWKHVFRSHRIWKLV
SURMHFWEHFDXVH3\0ROWXWRULDOVDUHUHDGLO\DYDLODEOHRQWKHLQWHUQHWDQGWKHDVVLJQPHQWRI
LQGHSHQGHQWSURMHFWVZDVGHHPHGPRUHDSSURSULDWHEDVHGRQWKHLQVWUXFWRULQWHQGHGXVDJHRI
'RFNR0DWLF7KHWXWRULDOLVFRQILJXUHGWREHDFFRPSOLVKHGZLWKLQDWZRKRXUODERUDWRU\VHVVLRQ
RUDOWHUQDWLYHO\DGGLWLRQDOWLPHPD\EHVSHQWRQWKHDQDO\VLVRIRXWSXWGRFNHGVWUXFWXUHVWRILOOD
WKUHHKRXUODERUDWRU\VHVVLRQ,QVWUXFWRUQRWHVGHWDLOKRZWRGRZQORDG'RFNR0DWLFIURP
VRXUFHIRUJHQHWDQGLQVWDOOWKHVRIWZDUH'RFNR0DWLFUHTXLUHVD/LQX[EDVHGRSHUDWLQJV\VWHPRU

ϳ
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HPXODWRUDQGUXQVEHVWRQ3&VZLWKDPLQLPXPRIJLJDE\WHVRIUDPDQGDPXOWLFRUH
SURFHVVRU'RFNR0DWLFFDQUXQDQGPDQDJHMREVRQDVWDQGDORQH3&EXWLVDOVRGHVLJQHGWRUXQ
DQGPDQDJHMREVRQD%HRZXOIFOXVWHU7KHVWXGHQWSURFHGXUHFRQVLVWVRIDVWHSE\VWHSSURFHVV
GHVFULELQJKRZVWXGHQWVPD\XVH'RFNR0DWLFIRUKRPRORJ\PRGHOLQJPROHFXODUGRFNLQJDQG
UHVXOWVDQDO\VLV7KHVWXGHQWSURFHGXUHDQGDQLQVWUXFWRUQRWHVUHDGPHILOHIRU'RFNR0DWLF
0RGHOOHUDQG3\0ROLQVWDOODWLRQDUHLQFOXGHGLQWKHVXSSOHPHQWDOPDWHULDOV7KHVWXGHQW
SURFHGXUHFDQDOVREHXVHGDVDJXLGHIRUVWXGHQWVWRSXUVXHLQGHSHQGHQWLQYHVWLJDWLRQVRXWVLGH
WKHVFRSHRIWKLVWXWRULDO
$FNQRZOHGJHPHQWV
7KHSURMHFWGHVFULEHGZDVVXSSRUWHGE\WKH,1%5(3URJUDP1,+*UDQW1RV355
1DWLRQDO&HQWHUIRU5HVHDUFK5HVRXUFHV DQG3*0 1DWLRQDO,QVWLWXWHRI*HQHUDO
0HGLFDO6FLHQFHV DQGWKH2IILFHRI6SRQVRUHG3URJUDPVDW%RLVH6WDWH8QLYHUVLW\

5HIHUHQFHV
>@

5%-DFRE7$QGHUVHQ200F'RXJDO  $FFHVVLEOHKLJKWKURXJKSXWYLUWXDO
VFUHHQLQJPROHFXODUGRFNLQJVRIWZDUHIRUVWXGHQWVDQGHGXFDWRUV3/R6&RPS%LRO
  HGRLMRXUQDOSFEL

>@

6RXUFHIRUJHKWWSVRXUFHIRUJHQHW

>@

5(GJDU0'RPUDFKHY$(/DVK  *HQHH[SUHVVLRQRPQLEXV1&%,JHQH
H[SUHVVLRQDQGK\EULGL]DWLRQDUUD\GDWDUHSRVLWRU\1XFOHLF$FLGV5HV

>@

0-RKQVRQ,=DUHWVND\D<5D\WVHOLV<0HUH]KXN60F*LQQLV7/0DGGHQ
 1&%,%/$67DEHWWHUZHELQWHUIDFH1XFOHLF$FLGV5HV:

ϴ
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>@
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